electrons were accelerated to 1.7 GeV in the X-ray ring. After a resonant coupling between the RF power F amplifier and the ring cavity was diagnosed and elimfWD inated, the operating energy was increased to 2 GeV in provided for 100 milliamp of beam loading.
INLlEVEL
In order to achieve 2.5 GeV operation 500 kilo- 
X-Ray RF Control System
A new modular control system has been implemented to control the RF power in the two X-ray cavities. A Eurocard packaging system was chosen for its size versatility, reliable connectors and for the growth of OEM support. All dc control functions use standard +12V CMOS logic and interface to the RF microprocessor. Performance has been virtually trouble-free since the initial turn-on.
The simplified block diagram in Fig. 1 In order to maintain cavity tune during power changes and to compensate for reactive beam loading, a tuner control loop is employed. Both a plunger type and an end wall hydraulic "crusher" type tuner are incorporated. However, only the end wall tuner is used since higher order modes were found to be generated the farther the plunger tuner was driven into the cavity. RF forward power is sampled from a directional coupler in the 6" coaxial drive line to the cavity, and its phase is compared to the phase of a field monitor probe generating an error signal when off resonance. A stepper motor drives the end wall hydraulic tuner system at a frequency proportional to the error signal and maintains phase lock with an error of less than 2°during normal beam fills and ramping procedures. Cavity temperature is monitored and compared to the end wall pressure so that cavity tune can be preset manually or by computer to initialize cavity power excitation, after which the loop maintains resonance.
Two additional systems are being built for future installation.
Accelerating Cavity
The orignal X-ray cavity2 has been split into two half cells by adding two end plates; each half cell is 60 cm in length and 1 meter in diameter. The machine presently operates with two half cells in the X-ray ring. Both cavities have small vacuum leaks and operate in the 2 x 10-9 Torr region at 2.4 GeV operation. Initially, one of the RF amplifiers exhibited a tendency to oscillate. When this parasite appeared, all the forward power is seen in the output transmission line with no power delivered to the accelerating cavity. The frequency was 700 KHz below the operating frequency. When the coaxial transmission line length was increased to two wavelengths at the operating frequency of 52.88 MHz, the oscillating frequency moved to 53.88 MHz. In addition, its strength was diminished. It was eliminated by retuning the input to the amplifier. The mechanism for feedback is currently being studied.
Additional cooling on the end flange of the upstream accelerating cavity eliminated a serious vacuum leak that appeared when the RF power was above 30 kilowatts. The primary cause of this problem is again related to the poor vacuum seal.
Additional cooling was needed on a copper slug inserted into the cavity to adjust the operating frequency. A temperature of 900C was read on the air side of the cavity, indicating the slug inside the vacuum chamber was much higher. By additional cooling the air side reading was reduced to 500C. 
